ABSTRACT
The solvent retention capacity (SRC) test is used to predict commercial baking performance of soft wheat (Triticum aestivum L.) by measuring the capacity of fl our to retain each of four solvents-water, Na 2 CO 3 , sucrose, and lactic acidto assess overall absorption capacity, starch damage, pentosan and gliadin content, and glutenin quality, respectively. Our objectives were to determine sources of variation in the test, repeatability, and optimum scale and resource allocation needed to maximize effi ciency. Duplicate SRC tests were conducted for each solvent using two fl our sample sizes (5 and 0.2 g) from two fi eld replications of each of 8 soft white spring and 16 soft white winter genotypes grown in fi ve and three environments, respectively. We conducted ANOVAs and used variance components to assess the consistency with which genotypic differences were detected. The interactions of genotype × environment and genotype × fi eld replication within environment were signifi cant (P < 0.05) for most solvent and sample weight combinations. Repeatability values were high and consistent for all solvents (0.86-0.96) when 5-g samples were used, indicating that selection based on any solvent should result in gains from selection at this scale. Only lactic acid and sucrose were accurately predictive at the 0.2-g scale, limiting its utility. Repeatability values improved with increased numbers of environments, fi eld replications, or laboratory replications; however, this may be cost prohibitive when evaluating early-generation breeding material on a large scale, especially since the magnitude of increase in predictability diminished with each additional unit.
baking times are required for cookie and cracker production, resulting in more tender products and decreased manufacturing costs (Slade and Levine, 1994) . In multiple research studies, signifi cant, negative correlations between SRC values and cookie diameter were detected (Gaines, 2000; Guttieri and Souza, 2003; Guttieri et al., 2001 Guttieri et al., , 2002 . The magnitude of associations varied among studies and solvents, with signifi cant correlations for lactic acid ranging from -0.33 to -0.65, Na 2 CO 3 from -0.55 to -0.86, sucrose from -0.71 to -0.78, and water from nonsignifi cant to -0.88. These results demonstrate the ability of the test to consistently identify genotypes with superior baking performance.
The SRC test, as conducted using Method 56-11 of the American Association of Cereal Chemists (AACC, 2000) , is limited to applications where a total of 20 g of fl our (5 g per solvent) is available, which is often not the case in early generations of advancement when the grain of experimental breeding genotypes is limited (Bettge et al., 2002) . Bettge et al. (2002) evaluated modifi cations to AACC Method 56-11, using mechanical agitation, 1 g of fl our, 1 g of whole meal, and 0.2 g of whole meal to scale down the test for use in earlygeneration selection. Scale reduction, as well as the use of whole meal, reduced the magnitude of correlations between the results of the modifi ed methods and the original 5-g fl our scale, indicating that the small-scale tests may be less accurate at predicting fl our quality that the full-scale tests. The 0.2-g whole-meal method had suffi cient resolution, however, to be useful for selecting among experimental breeding lines since genotype rankings based on highest and lowest values were consistent. In early stages of the breeding process, the goal is to eliminate poor genotypes and to advance the best genotypes. For making gains from selection, consistently identifying genotypes at the extremes of the distribution is more important than discerning diff erences in the midrange when selecting among early-generation material. Using 0.2 g of fl our instead of 0.2 g of whole meal may improve the correlation between the results of the small-scale test and the results of the 5-g method since the obscuring eff ect associated with the inclusion of bran is avoided.
For the SRC test to be suitable for use as a selection tool for wheat improvement, it must detect signifi cant differences among genotypes (G) and genotype × environment (G×E) interactions must be nonsignifi cant or too small to interfere with selection. In several studies, SRC values were signifi cantly infl uenced by diff erences among genotypes, and genotype accounted for a majority of the variation, indicating that the SRC test can be used to detect signifi cant diff erences among genotypes (Guttieri and Souza, 2003; Guttieri et al., 2001 Guttieri et al., , 2002 .
Limited research has been conducted to determine the extent of the impact of G×E interactions on SRC test results. All previously reports indicated that the G×E eff ect was nonsignifi cant or too small to interfere with genotype selection. Two of the studies included grain grown in Idaho with irrigation (Guttieri and Souza, 2003; Guttieri et al., 2001) , and the third included irrigated and rain-fed samples from Idaho and Montana (Guttieri et al., 2002) . It is unclear how well the results of previous studies apply to other wheat production regions with a broader range of environmental diversity, such as those found in eastern Washington. Soft wheat was planted on approximately 722,367 ha in Washington in 2006 (Messer and Bilderback, 2006 ) and a majority of this wheat was grown without irrigation in areas receiving from 250 to 600 mm of average annual precipitation (Peterson et al., 2001) . Evaluating SRC test results across these environments is required to validate its utility as a selection tool for soft wheat cultivars targeted for commercial production in soft wheat production regions with widely varying precipitation ranges.
Previous research evaluated the eff ectiveness of the SRC test as a selection tool using the method of comparing genotype and the interaction of genotype and environment in terms of signifi cance levels based on analysis of variance (Guttieri et al., 2001 (Guttieri et al., , 2002 or variance components (Guttieri and Souza, 2003) . Repeatability is another statistic used to evaluate the eff ectiveness of a testing method and is similar to the comparison of standardized variances. Both of these methods allow the determination of the degree to which signifi cant G × E and other interactions involving genotype reduce the eff ectiveness of genotypic selection. The advantage of repeatability calculations is that the relative interference of interactions on genotype selection can be compared. Repeatability was used to evaluate the eff ectiveness of selection methods for traits such as fusarium head blight resistance (Campbell and Lipps, 1998) and starch concentration (Hucl and Chibbar, 1996) in wheat. Campbell and Lipps (1998) also evaluated the allocation of resources, in terms of numbers of environments and replication, to optimize selection.
The objectives of this research were (i) to evaluate the sources of variation for SRC values when tests were conducted on soft white wheat cultivars grown in distinct production regions in the state of Washington, (ii) to evaluate the repeatability of the 5-and 0.2-g fl our versions of the SRC test, and (iii) to determine the optimum allocation of resources to maximize the effi cacy of selecting for end-use quality enhancement based on SRC results. Repeatability was used to compare the utility of the 5-and 0.2-g fl our versions of the SRC test to distinguish among genotypes for each solvent.
MATERIALS AND METHODS

Sample Material
In 2005, grain of eight soft white spring wheat genotypes, including one soft white club, was collected from fi eld trials in Pullman, Reardan, Dayton, St. John, and Lind, WA, and from
Statistical Analyses
Pearson's linear correlation coeffi cients among SRC values were calculated using fl our sample means (PROC CORR, SAS Institute, 2006) . Analysis of variance was conducted on SRC data using the SAS GLM procedure (SAS Institute, 2006 Grain samples were collected from two fi eld replications per genotype per location, and samples were tempered to a target moisture of 14% by tumbling for 20 min followed by overnight storage in glass jars before milling (AACC, 2000, Method 26-10) . The samples were milled using a modifi ed Brabender Quadramat milling system ( Jeff ers and Rubenthaler, 1979) . Flour moisture was determined by AACC Method 44-16 before and following completion of the SRC tests. The SRC results for four fl ours from the winter sample set were not included due to accidental mixing during sample collection and milling.
Data Collection
Solvent retention capacity evaluations were conducted using two scales: 5 and 0.2 g of fl our. Five-gram tests were conducted as described by Bettge et al. (2002) , using mechanical agitation. The 0.2-g tests were conducted as described by Bettge et al. (2002) for the 0.2-g wheat meal SRC, with the modifi cation of replacing the wheat meal with fl our. Four solvents were used: water, 5% (w/w) Na 2 CO 3 solution, 5% (w/w) lactic acid solution, and 50% (w/w) sucrose solution. The SRC tests were conducted in batches of 18 and 28 for the 5-and 0.2-g scales, respectively. Two lab replications per fl our sample were randomly assigned to batches, and each batch included two samples of a standard cookie fl our as controls for identifying batches in which operator error impacted results.
Batches were repeated when control values deviated from the mean by ±2 standard deviations. Individual samples within batches for which a major operator error occurred, such as the gel falling out of the tube during drainage, were repeated in the fi nal batch for each solvent. The SRC results were reported as a gel weight percentage relative to fl our weight, on a 14% moisture basis (AACC Method 56-11). Moisture levels of fl our samples decreased nonuniformly by up to 1% during the time required to conduct all of the SRC tests. Flour moistures determined before conducting the SRC tests were used to calculate SRC values when reporting the results of the 0.2-g scale tests, whereas fl our moistures determined after conducting the SRC tests were used to report the results from the 5-g scale. random since the goal was to predict the performance of the SRC test when used to evaluate any soft white wheat cultivar grown in any production region in eastern Washington. Homogeneity of the environmental variances was tested using Levene's test (Levene, 1960) in the HOVTEST option of the SAS GLM procedure (SAS Institute, 2006) . When environmental variances were heterogeneous, SRC results from each environment were weighted by the reciprocal of the mean square error within each environment (Yates and Cochran, 1938) . Variance components and their standard errors were calculated using restricted maximum likelihood with the SAS MIXED procedure (SAS Institute, 2006) . The relative values of variance components were determined by the estimated value expressed as a proportion of the total variation. The repeatability of genotype means of values generated from the test was calculated using variance components in the following equation: 
RESULTS
The standard deviations of the 0.2-g SRC values for the control fl our were 3.69, 1.53, 2.44, and 2.11 for 5% lactic acid, 50% sucrose, 5% Na 2 CO 3 , and water, respectively. The standard deviations for the 5-g controls were 3.33, 0.93, 0.74, and 1.03 for lactic acid, sucrose, Na 2 CO 3 , and water, respectively. Correlations between results from the 0.2-and 5-g scales of the SRC test across sample sets using 5% lactic acid, 50% sucrose, 5% Na 2 CO 3 , and water were 0.99, 0.81, 0.75, and 0.60 respectively, all of which were highly signifi cant (P < 0.001).
Correlations between test results within each sample set exhibited similar trends (data not shown). 
Analysis of Variance
Signifi cance levels of factors infl uencing SRC values differed among solvents, test scale, and sample sets (Table  3) . When SRC tests were conducted at the 0.2-g scale using 5% lactic acid, all factors were signifi cant (P < 0.01) sources of variation for results from the spring sample set (Table 3) . When tested at the 5-g scale, results were similar, except that the eff ect of F(E) was not signifi cant (P > 0.05). For the winter sample set, G, G × E, and G × F(E) were signifi cant (P < 0.001) sources of variation at both testing scales. When SRC tests were conducted using 50% sucrose solution at the 0.2-g scale, G and E were signifi cant sources of variation (P < 0.01; Table 3 ). The only other signifi cant source of variation at this scale was G × E, which was only signifi cant (P < 0.05) for the spring sample set. When SRC tests were conducted at the 5-g scale, all sources of variation were signifi cant (P < 0.05) except F(E).
When SRC tests were conducted at the 0.2-g scale using 5% Na 2 CO 3 solution, E, G×E, and G×F(E) were signifi cant sources of variation for the spring sample set (Table 3) . When conducted at the 5-g scale, all factors except F(E) were signifi cant sources of variation for the spring sample set. Genotype was the only signifi cant source of variation for the winter sample set when tested at the 0.2-g scale. In contrast, all factors except F(E) were signifi cant at the 5-g scale, which aligns with what was detected for the spring set at the 5-g scale.
When tested with water at the 0.2-g scale, E was the only signifi cant factor for the spring sample set (Table 3) . In contrast, G, E, and G×F(E) were signifi cant for the winter sample set. When SRC tests were conducted with water at the 5-g scale, all factors signifi cantly infl uenced SRC values of the spring sample set. Genotype and G×E were signifi cant sources of variation for the winter sample set at the 5-g scale.
Variance Components
Estimated and relative values for variance components varied widely among solvents, testing scales, and sample sets ( were similar to those of σ 2 g ; however, this only resulted in minimal reduction in repeatability for the 0.2-g scale compared with the 5-g scale.
When the spring sample set was evaluated at the 0.2-g scale with Na 2 CO 3 , σ 2 g was similar in value or lower than the interactions, resulting in relatively low repeatability (0.63) compared with the other scales and sample sets. The value of σ 2 l[g×f (e)] for the winter set at the 0.2-g scale was higher than the value for σ 2 g ; however, this only resulted in a 0.14 reduction in repeatability. When tested at the 5-g scale, both sample sets had high σ 2 g values that were greater than the variance components of the interactions, and therefore, resulted in high repeatability values.
The lowest repeatability (0.42) was calculated for the spring sample set tested with water at the 0.2-g scale, which was due to a σ 2 g value that was less than those of all of the interaction terms. Repeatability for the winter sample set was much higher (0.75), since the relative value of σ 2 g was similar to that of the interaction terms. When tested at the 5-g scale, both sample sets had high repeatability, since the σ 2 g values were greater than the interaction variance components.
Predicted Repeatability
Predicted repeatability values were calculated to demonstrate the impact of varying numbers of environments, fi eld replications, or lab replications on SRC results (Fig.  1, Eq. [1] ). Predicted repeatability values varied based on the variance components as well as the number of environments, fi eld replications, and lab replications entered into Eq. [1] for e, f, and l, respectively. The variation in predicted repeatability values for each solvent was greater for the 0.2-g scale than the 5-g scale.
DISCUSSION
The standard deviations of the SRC values for the control samples provide some indication of the relative amounts of lab error among the solvents and scales. As is apparent from the further analyses, however, these values alone do not provide any information on how laboratory variation compares with genotypic or environmental variation, which is necessary to accurately determine the utility of each test. The nearly perfect correlation (r = 0.99, P < 0.001) between the lactic acid SRC test results at the 0.2-and 5-g scales indicates that these methods can be used interchangeably. The correlations between results of the two scales for the sucrose and Na 2 CO 3 SRC tests were not perfect; however, they were high (r = 0.81 and 0.75, respectively, P < 0.001). The reduced correlation compared with lactic acid indicates that a breeder using the 0.2-g sucrose and Na 2 CO 3 SRC tests instead of the fullscale versions would not rank the genotypes exactly the same between scales. In early-generation selection programs, however, the identifi cation of extreme values is more important than discerning diff erences among genotypes with similar values (Bettge et al., 2002) . Therefore, the correlations between the scales for the sucrose and Na 2 CO 3 SRC tests suggest that the 0.2-g test has suffi cient resolution for use in early-generation selection.
The moderate correlation (r = 0.60, P < 0.001) between test scales for water indicates that the 0.2-g SRC test results do not agree with the 5-g results. This limits the ability to use the SRC test to accurately select for water absorption capacity using 0.2 g of fl our. The magnitude of the correlations between the 0.2-and 5-g fl our SRC values were similar to those observed by Bettge et al. (2002) for the correlation between the 0.2-g wheat meal and 5-g fl our SRC versions. This indicates that the use of fl our instead of whole meal for the 0.2-g scale test provides little to no improvement in the ability of the reduced-scale test to approximate results of the 5-g fl our version. Diff ering correlations among the four solvents between the two 
Analysis of variance of the effect of genotype (G), environment (E), fi eld replication within environment [F(E)], their interactions, and laboratory replication within G×F(E) (designated L[G×F(E)]
) on solvent retention capacities (SRCs) using four solvents: 5% (w/w) lactic acid; 50% (w/w) sucrose; 5% (w/w) Na 2 CO 3 ; and water. Two scales of the SRC test were conducted on eight spring and 16 winter soft white wheat genotypes grown in fi ve and three environments, respectively, in eastern Washington in 2005. Grain samples were collected from two fi eld replications per genotype in each environment, and duplicate SRC tests were conducted on fl our extracted from each grain sample. **Signifi cant at the 0.01 probability level.
***Signifi cant at the 0.001 probability level. † Analysis at the 0.2-g scale conducted using environmental weighting to equalize variation among environments. ‡ Analysis at the 5-g scale conducted using environmental weighting to equalize variation among environments. Figure 1 . Predicted repeatabilities of solvent retention capacities (SRCs) using four solvents: (A) 5% (w/w) lactic acid; (B) 50% (w/w) sucrose; (C) 5% (w/w) Na 2 CO 3 ; and (D) water. Two scales of the SRC test were conducted on eight spring and 16 winter soft white wheat genotypes grown in fi ve and three environments, respectively, in eastern Washington in 2005. Grain samples were collected from two fi eld replications per genotype in each environment, and duplicate SRC tests were conducted on each grain sample. Predicted repeatabilities were calculated using data from the spring sample set according to Eq. [1], using variance components in scales may refl ect diff erences in the way the reduced scale or altered tube geometry infl uence the formation of the fl our gel among the solvents.
Analysis of Variance
Analysis of variance was used to identify sources of variation that signifi cantly aff ect SRC results as was previously reported (Guttieri et al., 2001 (Guttieri et al., , 2002 . In our study, genotype did not signifi cantly (P < 0.05) aff ect results for the spring sample set using Na 2 CO 3 and water at the 0.2-g scale, but was signifi cant (P < 0.001) at the 5-g scale. The sensitivity of the 0.2-g scale was insuffi cient for detecting diff erences among the genotypes tested. Therefore, the 0.2-g scale of the Na 2 CO 3 and water SRC tests may not be suitable for selecting for starch damage and water absorption diff erences, respectively, among elite wheat genotypes. Results using 50% sucrose at the 5-g scale were signifi cantly infl uenced by G × E and G × F(E) eff ects, whereas the 0.2-g results were only signifi cantly aff ected by G×E for the spring sample set. Guttieri et al. (2001 Guttieri et al. ( , 2002 suggested that the lack of a signifi cant interaction involving genotype (i.e., G×E) indicates that these eff ects are too small to necessitate the use of multiple environments or replications when using the SRC test for selection. The risk of using this approach to justify the use of fewer experimental units arises in situations for which a large interaction term is determined to be nonsignifi cant due to an equally large error term. Since the F test compares the mean squares of the treatment to the mean squares of the error, a large interaction could be nonsignifi cant if the mean squares of the error are of similar magnitude (Dean and Voss, 1999) . When compared with the interaction terms, the mean squared values for the error terms were higher and the R 2 values were lower for the 0.2-g sucrose SRC results than for the 5-g results. The larger error terms may have obscured the interactions at the 0.2-g scale when the interaction was observed at the 5-g scale. Therefore, the lack of signifi cant interaction terms does not justify the use of fewer environments or replicates, and further analysis is necessary to determine if the interactions would interfere with genotypic selection. The eff ects of G×E and G×F(E) on the Na 2 CO 3 SRC results were signifi cant for the spring sample set at the 0.2-g scale and both sample sets at the 5-g scale but were not signifi cant for the winter sample set tested at the 0.2-g scale. This is probably due to a greater eff ect of error, as refl ected by the lower R 2 values. As described for the sucrose data, the large eff ect of error may have obscured the eff ects of the interactions. Similarly, many of the factors that had signifi cant eff ects on water SRC tests conducted at the 5-g scale were nonsignifi cant at the 0.2-g scale. As described for the sucrose and Na 2 CO 3 tests, this may have resulted from the relatively large mean square errors observed for the 0.2-g results. This does not completely explain the diff ering results between the scales, however, since E and G×F(E) were found to be signifi cant for the winter sample set at the 0.2-g scale and were not signifi cant at the 5-g scale. Further study is required to determine why the same fl our samples responded diff erently at the two testing scales.
In previous work, the infl uence of genotype, environment (location or year), and their interaction on SRC results was evaluated (Guttieri and Souza, 2003; Guttieri et al., 2001 Guttieri et al., , 2002 . The SRC method used in these studies diff ered from the AACC method (AACC, 2000) and the 5-g method described by Bettge et al. (2002) in terms of method of mechanical agitation, centrifuge speed, and the duration of each step. These diff erences in methods were described as minor, and conclusions made from evaluations utilizing one version are likely to apply to the other (Guttieri and Souza, 2003) . Genotype was a signifi cant source of variation for SRC results at the 5-g scale for all four solvents in our study, as was detected in previous work (Guttieri and Souza, 2003; Guttieri et al., 2001) ; however, genotype signifi cantly infl uenced only SRC results for water and Na 2 CO 3 in Guttieri et al. (2002) .
Environment was signifi cant for all four solvents for the spring set in this study and for sucrose and Na 2 CO 3 for the winter set and in Guttieri et al. (2002) . In contrast, E was not a signifi cant source of variation for the water and lactic acid results from our winter set and in Guttieri et al. (2001) . A possible explanation for this contrast is that the grain used in Guttieri et al. (2001) and Guttieri and Souza (2003) was grown with irrigation, whereas our samples and those used in Guttieri et al. (2002) were grown under a wide range of natural precipitation levels. The winter samples were grown in three environments with similar precipitation levels, which may explain the lack of signifi cant environmental eff ects for the lactic acid and water SRC results. Guttieri et al. (2001 Guttieri et al. ( , 2002 and Guttieri and Souza (2003) indicated that G × E had little or no eff ect on SRC results. In contrast, G×E signifi cantly aff ected SRC values for both sample sets using all four solvents in this study. This diff erence in conclusions may have resulted from the diff ering environments and genotypes included in our study, since with all studies of heritability or repeatability of a trait, the estimates are most applicable to the genotypes and environments tested (Hucl and Chibbar, 1996) . Therefore, the results of our study are most applicable to soft wheat produced in eastern Washington or in other regions with similar precipitation ranges.
The signifi cant eff ects of environment noted above indicate that when using the SRC test in a breeding program, control genotypes must be grown with and tested with the genotypes under evaluation. These allow a breeder to measure and control for the average eff ect of environment on SRC values for that site and year. Often end-product producers will have set SRC values that they require in fl our that they use. Therefore, breeders selecting genotypes with specifi c end products in mind might desire to select based on these set values. Unfortunately, the signifi cant eff ects of environment indicate that absolute SRC values are not a valid measure of a genotype's performance in all environments. The only way a breeder could be certain of the absolute value would be to test the genotype in the range of environments where it would be grown for multiple years, thus determining both the average value and range. A more effi cient approach would be to test the genotype against control genotypes for which this work has already been done, and to select for SRC values superior to those of the controls. Even so, since signifi cant G×E interactions occur, it is still necessary to test a line grown in multiple locations and years before releasing it. To determine if the signifi cant interaction components would prevent eff ective selection in the generations before release, it is necessary to compare the relative eff ects of the interactions against the genotypic variation.
Variance Components
The calculation of variance components allowed the comparison of the relative infl uence of G, E, F(E), G×E, G×F(E), and L[G×F(E)] on SRC results. The lower relative values of σ for most of the 5-g results indicate that the use of this scale results in less relative lab error when conducted using Na 2 CO 3 , sucrose, and, for the spring sample set, water. The greater relative values of σ 2 e for the spring results compared with the winter results indicate that the environments used for the spring sample set had a wider range of eff ects on the SRC values than did the winter environments. This is to be expected, since the spring environments encompass a wider range of precipitation levels than the winter environments. Variance components were used by Guttieri and Souza (2003) , after standardizing as was, the greater the eff ectiveness of adding a fi eld replication rather than a lab replication.
The predicted repeatability graphs or the variance components and Eq. [1], which these graphs were based on, can be used by breeders when selecting genotypes across wide ranges of environments to decide what SRC scale to use and how many environments, fi eld replications, and lab replications are needed to maximize gains from selection. In terms of lactic acid, testing within a single environment using single fi eld and lab replications would be predicted to achieve a repeatability value >0.7 for both scales. Selection using a second environment is predicted to result in an increased repeatability level; however, this increase is not large enough to justify the increase in testing costs.
The use of reduced numbers of environments and replicates when selecting based on sucrose SRC test results is predicted to produce a greater decrease in repeatability at the 0.2-g scale than the 5-g scale. As for lactic acid, suffi cient gain from selection based on the 5-g sucrose SRC test may be achieved using single environments and replications. For the 0.2-g scale, large increases in repeatability are predicted for the use of additional environments or replications. In an early-generation selection program, however, when using the 0.2-g scale may be the only option, the increased cost required to achieve higher repeatability may not be warranted since distinguishing intermediate values is less important than diff erentiating genotypes at the extremes of the distribution (Bettge et al., 2002) .
Both scales of the Na 2 CO 3 SRC test are predicted to have substantially lower repeatability values when a single environment is used. At a set number of environments and replications, the 5-g scale has greater repeatability than the 0.2-g scale, although this diff erence decreases as the number of environments and replications increases. When using the 5-g scale to evaluate advanced breeding material, the increased cost of evaluating a second or third environment may be justifi ed by the large improvement in repeatability. For early-generation selection using the 0.2-g scale, a greater investment would be required to achieve the same predicted repeatability; therefore, a breeder should weigh the benefi ts of early-generation selection against the increased costs or reduced gain from selection.
The predicted repeatability values for the water SRC test show trends similar to Na 2 CO 3 ; however, the difference between the scales is greater. For the 5-g scale, repeatability values >0.8 are achieved using three environments or two environments with multiple lab or fi eld replications. To an even greater extent than the Na 2 CO 3 SRC test, the use of the reduced-scale water test would result in little gain from selection or a large investment in multiple environments or replications.
This study evaluated released cultivars and advanced breeding lines that had undergone selection for improved soft wheat quality; therefore, the range of quality diff erences may be less than that found in unselected breeding populations. The repeatability of the SRC tests in a breeding population may then be greater than the predicted repeatabilities reported in this study. Further study is required to confi rm that the relative performances of the scales and solvents are consistent among diverse sets of genotypes.
CONCLUSIONS
Signifi cant interactions involving genotype [G×E and G×F(E)] were detected when SRC tests were conducted on samples from the a wide range of wheat production environments in eastern Washington, in contrast to previous studies where signifi cant genotype × environment interactions were not detected (Guttieri and Souza, 2003; Guttieri et al., 2001 Guttieri et al., , 2002 . These interactions, however, did not result in repeatability values of <0.8 for all solvent and scale combinations tested except the 0.2-g SRC tests conducted with water and Na 2 CO 3 . Based on predicted repeatabilities, the 5-g scale of the SRC test is an eff ective tool for selecting superior soft white genotypes with the use of three or fewer environments, depending on the solvent used, and with little or no fi eld or lab replication. The high predicted repeatabilities of the lactic acid and sucrose 0.2-g scale SRC tests, even when as few as one environment is used, justify their use for early-generation selection when large samples and multiple environments are not available. In contrast, the 0.2-g water and Na 2 CO 3 SRC tests may not provide suffi cient value to warrant their use, even in early stages of the breeding process when the use of the 5-g scale is not possible. The use of the SRC test allows the partitioning of a fl our's absorption capacity in terms of specifi c attributes: lactic acid is associated with gluten quality, sucrose with pentosans, Na 2 CO 3 with damaged starch, and water with overall absorption (Gaines, 2000; Slade and Levine, 1994) . Since the water SRC test does not provide an evaluation of a specifi c source of absorption, early-generation selection based on this solvent may not be necessary. In addition, the reduced repeatability of the 0.2-g scale Na 2 CO 3 SRC test may necessitate the use of other evaluations to determine a genotype's tendency toward damaged starch or may delay the evaluation of this trait until greater quantities of fl our are available.
